Abstract. Liver cancer is a malignant tumor that threatens human health worldwide. It has poor prognosis rates and ineffective therapeutic options. Recently, various miRNAs have been proven to exert promoting or inhibiting functions in different malignancies. However, the definitive mechanisms of miR-99a in liver cancer remain unclear. In the current study, we explored the relationships between the expression of miR-99a and HOXA1 in liver cancer tissues and cells to explore their combined effects on the occurrence and metastasis of liver cancer. The expression of miR-99a and HOXA1 in liver cancer tissue samples and cells was measured by RT-qPCR. Following transfection, transwell assays were conducted to assess the invasion and migration capacities of liver cancer cells. Subsequently, western blots and luciferase reporter assays were performed in liver cancer cells to identify the target of miR-99a. The data indicated that miRNA-99a expression was significantly reduced in both liver cancer tissue samples and cells compared with normal tissues and normal liver cells respectively. By contrast, the HOXA1 expression levels in liver cancer tissues and cells were significantly increased in contrast to the control group. The findings also revealed that the miR-99a expression was negatively correlated with HOXA1 expression in liver cancer tissue samples and miR-99a could suppress cell invasion and migration by targeting HOXA1 in liver cancer.
Introduction
Liver cancer is a leading cause of death worldwide, and its incidence is high in Asia (1) . Approximately 745,500 individuals succumb to liver cancer annually (2) . Currently, treatment for liver cancer is not satisfactory and generally ineffective (3) . As the symptoms of liver cancer become evident at an advanced stage rendering it a disease that is untreatable by surgery, only minority of liver cancer patients are amenable to curative resection. However, due to the high frequency of metastasis and recurrence, the prognosis of the treated liver cancer patients remains poor (4) . These challenges necessitate the identification of potential biomarkers and finding of new targets to design more powerful treatments. In the last decade, many studies have been devoted to exploring the etiopathogenesis of liver cancer.
miRNAs can promote or inhibit gene expression by recognizing specific binding sites on the target mRNA 3'UTR playing important roles in various types of cancer (5, 6) . miRNAs comprise a type of conserved noncoding RNAs (7)by regulating its direct target mRNA, and it acts as a crucial post-transcriptional regulator and plays a critical part in multiple biological processes, including cell formation, growth, apoptosis and metastasis (8) . A growing number of studies have revealed that miRNAs may be used as tissue-specific biomarkers for liver cancer. miR-188-5p was confirmed to suppress cancer cell metastasis and proliferation via targeting FGF5 directly in hepatocellular carcinoma (9) . miR-345 was reported to inhibit hepatocellular carcinoma metastasis by inhibiting YAP1 (10), and miR-487a can promote proliferation and metastasis in liver cancer (11) . Even the significance of different miRNAs in liver cancer has attracted increasing attention recently. However, the regulatory mechanism as well as clinical significances of the majority of miRNAs including miR-99a in liver cancer, remains unclear.
Homeobox A1 (HOXA1), the earliest expressed HOX gene in mammals, affects numerous cell processes (12) . HOXA1 is an oncogene and is overexpressed in several tumors, such as gastric cancer (13) , small cell lung cancer (14) and oral squamous cell carcinoma (15) , and is associated with poor prognosis. Recently, increasing studies showed that HOXA1 expression was associated with invasion and migration, acting as a reliable biomarker of cancer (16) . However, the molecular mechanism of HOXA1 in liver cancer is still unclear. TargetScan database analysis showed that HOXA1 was a promising candidate target for miR-99a. The aim of the study was to investigate the expression and clinical significance of HOXA1 in liver cancer and to identify the correlation of miR-99a and the molecular targets regulated by miR-99a in liver cancer. (17) . The primers used were shown in Table II .
miRNA-99a inhibits cell invasion and migration in liver cancer by directly targeting HOXA1

Materials and methods
Human
Transwell assays. Transwell assays were conducted to assess the invasion and migration abilities of liver cancer cells using 24-well Transwell chambers. Liver cancer cells transfected with miR-99a mimics or inhibitor were collected and resuspended with DMEM. Then, the cell suspensions were added into the upper chamber while medium containing 10% FBS was added into the bottom chamber. After incubation for 12 h, the cells adhering to the upper chamber were removed using cotton swabs completely. The difference between the invasion and migration assays was the top chamber coated with Matrigel for invasion assay. Subsequently, the migrated or invaded cells adherent to the bottom surface were fixed, stained, photographed and counted. The number of migration or invasion cells was counted at a magnification of x200 from 5 different random fields.
Western blot analysis. HOXA1 protein expression in liver cancer cell lines with the transfections was measured via western blots. The transfected liver cancer cells, HepG2 and Huh7, were lysed using lysis buffer. After centrifugation at 12,000 x g for 20 min at 4˚C, a BCA protein assay kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to assess the protein 
Results
Low expression of miR-99a and overexpression of HOXA1
in liver cancer. The expression of miR-99a and HOXA1 in liver cancer tissue samples and cell lines were measured using RT-qPCR to determine the function of miR-99a in liver cancer tumorigenesis. Results revealed that miR-99a expression was significantly lower in liver cancer tissues than those in matched benign tissue samples (Fig. 1A) . Conversely, the HOXA1 mRNA expression in liver cancer tissue samples was significantly higher than the normal tissue samples (Fig. 1B) . We also verified that miR-99a expressions in liver cancer cell lines (HepG2 and Huh7) were decreased in comparison with the normal liver cells (Fig. 1C) while HOXA1 expressions in liver cancer cell lines (HepG2 and Huh7) were increased compared to the normal cells (Fig. 1D ). In addition, statistical analysis showed that miR-99a expression was negatively correlated with HOXA1 in liver cancer tissues (Fig. 1Ε) . The association between the clinicopathological characteristics of 55 liver cancer patients and miR-99a expression in liver cancer tissue samples is shown in to further investigate the function of miR-99a in liver cancer. The results showed that miR-99a mimics were significantly upregulated in both HepG2 and Huh7 cells (Fig. 2A) . Next, we investigated the effect of miR-99a on liver cancer cell invasion. In the cell invasion assays, miR-99a overexpression suppressed liver cancer cell invasion, whereas miR-99a inhibition promoted liver cancer cell invasion (Fig. 2B and C) .
miR-99a inhibits liver cancer cell migration.
To explore the metastastic function of miR-99a in liver cancer cells, cell migration assay was performed using Transwell assay. miR-99a overexpression in HepG2 and Huh7 cell lines contributed to a significant reduction in cell migration in contrast to the control group. At the same time, we found that the inhibition of miR-99a increased HepG2 and Huh7 cell migration (Fig. 3A-C) .
HOXA1 was a direct target for miR-99a.
Targetscan was applied to identify the putative target of miR-99a. Among all the genes searched, HOXA1 was selected because of its crucial effect on cell growth. Sequence analysis showed putative binding sites between miR-99a and HOXA1 (Fig. 4A) . Luciferase reporter assay was performed on HepG2 and Huh7 cell lines, which were transfected with miR-99a mimics or miR-control. Then, the transfected cells were co-transfected with the luciferase reporters containing WT or MUT of HOXA1 3'UTR, respectively. The results indicated that miR-99a overexpression inhibited the luciferase activity of the HOXA1-3'UTR-WT reporter in both HepG2 and Huh7 cells, not affecting the activity of the HOXA1-3'UTR-MUT reporter (Fig. 4B and C) . Moreover, the western blots indicated that HOXA1 protein expression was obviously decreased in both HepG2 and Huh7 cells transfected with miR-99a mimics, whereas the protein expression of HOXA1 was obviously increased in HepG2 and Huh7 cell lines transfected with miR-99a inhibitor compared with their respective control group (Fig. 4D) . These results suggested that HOXA1 was a direct target for miR-99a in liver cancer cells.
Roles of HOXA1 in regulating the miR-99a ability in liver cancer cell invasion and migration.
We also investigated whether HOXA1 was essential in regulating the miR-99a ability in liver cancer cell invasion and migration. HOXA1 siRNAs were transfected into liver cancer cells to knock down endogenous HOXA1 and RT-qPCR was used to determine the HOXA1 mRNA expression. The findings demonstrated that the HOXA1 expression in liver cancer cells transfected with HOXA1 siRNAs was reduced significantly compared to the control group (Fig. 5A) . Subsequently, Transwell assays were carried out to observe the migration and invasion capacities of liver cancer cells co-transfected with HOXA1 siRNAs and miR-99a inhibitor. From the results, it was evident that deletion of HOXA1 markedly reversed miR-99a-medicated inhibitory effect on cell invasion and migration in liver cancer cells (Fig. 5B-D) .
Discussion
Liver cancer is one of the most lethal cancer types, posing an increasing burden on global health (18) . Currently, studies on mechanism have focused primarily on liver cancer. Although liver cancer has been widely researched, the possible mechanisms involved remain to be elucidated because of its complexity. Emerging evidence has shown that the two main biological characteristics of malignant cancers are invasion and Table I . Association of miR-99a expression with the clinicopathological characteristics of the liver cancer patients. metastasis, which affect the prognosis of tumor patients (19) . Accommodative dysfunction of miRNA frequently occurs in multifarious human tumors, and the aberrant expression of miRNA often contributes to carcinogenesis by affecting expression levels of multiple genes (20) . Thus, it is valuable to fully understand the functions of specific miRNAs in the development of tumor for the diagnosis and treatment of liver cancer.
Recently, as miRNAs have become crucial regulators in the development of tumor, the target therapy of tumor using miRNAs emerges as a fresh diagnostic instrument (21) . It has been reported that miR-99a is involved in various tumors, intervening the processes of cell proliferation, apoptosis as well as inflammation (22, 23) . Yang et al verified that miR-99a exerted a crucial effect on modulating the CSC phenotype of breast carcinoma mediated via targeting the mTOR/HIF-α signaling pathway (24) . In addition, miR-99a was frequently downregulated in ATC and miR-99a overexpression could reduce oncogenicity through targeting mTOR (25) . Although miR-99a has been identified as a tumor suppressor in various types of cancer, however, the clear functions of miR-99a together with HOXA1 in liver cancer have not been described yet.
HOXA1 is a pivotal transcriptional regulator of early embryonic development (26) . A growing number of studies have indicated that the aberrant HOXA1 expression in different cancers is involved in the regulation of biological processes, such as proliferation and apoptosis (27) . For instance, overexpression of HOXA1 was found in prostate cancer cells and silencing of HOXA1 suppressed the progression of prostate cancer (16) . HOXA1 was found to be a target of miR-10a in pancreatic cancer, and it was involved in tumor cell invasion (28) . The current study aimed to determine the relationship between the expression of miR-99a and HOXA1 in liver cancer. The expression of miR-99a and HOXA1 was measured using RT-qPCR, and the results showed that miR-99a was downregulated, whereas HOXA1 was overexpressed in liver cancer. Additionally, we found that miR-99a expression negatively correlated with HOXA1 expression in liver cancer tissues. Moreover, data also showed that miR-99a suppressed cell invasion and migration through HOXA1 in liver cancer.
Collectively, the findings in our study showed that miR-99a exerted a crucial suppressive effect in liver cancer. First, our data revealed that the miR-99a expression was significantly decreased and HOXA1 expression was significantly increased in liver cancer tissues in contrast to the control group. The same result was also found in the liver cancer cell lines. Second, the Transwell assay results revealed that miR-99a could suppress liver cancer cell invasion and migration. In addition, we confirmed that HOXA1 was a direct target of miR-99a. The prevention of tumor progression observed in this study support the further investigation of miRNA therapy for liver cancer prevention and treatment.
